VERIFICATION 



I am a registered Japanese Patent Attorney in Tokyo and hereby declare that the 
attached English document is a true translation of United States patent application based 
on PCT application No. PCT/JP2003/0 13942. The application was submitted to the 
United State Patent and Trademark Office on April 27, 2005. 

This 19 th of August, 2005 



Shuhei Katayama 



^•"SSfK) J5 x)£c 

10/533 Ul^ 



TITLE OF THE INVENTION 



DIFFERENTIAL CIRCUIT AND RECEIVING DEVICE HAVING 
THE SAME 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention generally relates to differential 
circuits and receiving devices having the same used for 
small-amplitude and current-mode high-speed serial 

10 digital transmission signals, and more particularly, to 
a differential circuit having an input circuit and a 
buffer circuit included in a receiving device used for 
receiving high-speed serial digital transmission 
signals. The input circuit needs to handle a rail-to- 

15 rail input common-mode range having a terminal common- 
mode voltage near the ground level voltage to the power 
supply voltage and a differential output buffer 
circuits having a constant common-mode potential, that 
is independent of the input common-mode voltage are 

20 necessary for processing the high-speed signals inside 
the chip. 

2. Description of the Related Art 
Conventionally, the interface standards for the 

digital signals such as the transistor-transistor 
25 logic: TTL (2.0/0.8) and the complementary metal-oxide 
semiconductor: CMOS (3.3/0.0) have been used in the 
serial digital transmission. However, these standards 
are standardized for the digital signals that have 
relatively large voltage amplitudes, and there is a 
30 problem in that signal transmission delay is relatively 
large. Therefore, it is difficult to realize the high- 
speed serial digital transmission, which is demanded in 
these years, between the devices with the use of the 
above-mentioned standards . 
35 In order to solve the aforementioned problem, 

small-voltage swing and current-mode ' differential 
transmission standards have been proposed in recent 
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years. An example of the standards is LVDS (low 
Voltage Differential Signaling) . 

The LVDS standard only specifies the use of a 
differential current driver and terminal impedance. 
5 Therefore, the input differential circuit that meets 
the LVDS standard has to operate at an arbitrary 
common-mode terminal voltage. According to the 
standard, a current driver is used for a transmitting 
circuit (hereinafter, referred to as LVDS transmitter) 

10 drives a signal that meets the LVDS standard 

(hereinafter, referred to as LVDS signal) so that 350 
mV of amplitude may be available as a terminal voltage, 
when the terminal impedance of 100 Q is connected. On 
the other hand, the receiving circuit of the LVDS 

15 signal (hereinafter, referred to as LVDS receiver) is 
configured so that a terminal voltage difference of 
approximately 350 mV can be received, corresponding to 
the common-mode terminal voltage of 0 to 2.4 V. That 
is to say, if the power supply voltage Vcc of 2.5 V is 

20 set, the amplifier circuit in the input circuit of the 
LVDS receiver is to operate the common-mode input 
signal, which is substantially equal to the power 
supply voltage. The rail-to-rail operation denotes the 
operation of the common-mode input signals 

25 substantially equal to the power supply voltage. 

Conventionally, as a structure of a rail-to-rail 
differential amplifier circuit with the use of CMOS 
technology, a topology has been proposed so that the 
limits of the both common-mode operation ranges may be 

30 compensated by connecting the differential amplifier 
circuit of an N-channel element in parallel with the 
differential amplifier circuit of a P-channel element. 

Under the circumstances, the output from the 
amplifier circuit arranged as the input circuit is 

35 demanded to have desirable signal quality for the 

amplifier circuit provided in the later stage. That 
is, it is preferable that the differential output from 
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the amplifier circuit of the input circuit has a 
constant common-mode potential to be independent of the 
input common-mode voltage in order to operate the high- 
speed signals inside the chip. Moreover, an 
5 appropriate buffer circuit has to be included to drive 
the load inside the chip. 

For example, U.S. Patent No. 6320422 discloses 
the technique of feed backing the output voltage in the 
buffer circuit to control and stabilize the 

10 differential output in the differential amplifier 

circuit. Hereinafter, the aforementioned patent will 
be referred to as a conventional technique 1, and will 
be described with reference to Fig. 1. 

Referring to Fig. 1, the conventional technique 1 

15 is configured to include a differential amplifier 
circuit having an N-channel differential amplifier 
circuit 801 and a P-channel differential amplifier 
circuit 813, a complementary source follower circuit 
826 and a complementary source follower 828. Outputs 

20 (806 and 818) from the differential amplifier circuit 
are input into the complementary source follower 
circuit 826, and in the same manner, outputs (808 and 
820) from the differential amplifier circuit are input 
into the complementary source follower 828. The above- 

25 mentioned two complementary source follower circuits 

826 and 828 serve as the buffer circuits that drive the 
internal loads. 

The N-channel differential amplifier circuit 801 
includes an N-channel differential element 802, active 

30 loads 812 and 810, and a constant current source 804. 

The N-channel differential element 802 has a pair of N- 
channel MOS transistors (field-effect transistors are 
preferable. Hereinafter, simply referred to as 
transistors) . The active loads 812 and 810 are the 

35 loads of the N-channel differential element 802. The 
constant current source 804 is connected to the N- 
channel differential element 802. In the same manner, 
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the P-channel differential amplifier circuit 813 
includes a P-channel differential element 814, active 
loads 822 and 824, and a constant current source 816. 
The P-channel differential element 814 has a pair of P- 
5 channel MOS transistors. The active loads 822 and 824 
are the loads of the P-channel differential element 
814. The constant current source 816 is connected to 
the P-channel differential element 814. 

In the above-mentioned configuration, an output 

10 node 830 of the complementary source follower circuit 
826 is connected to the active loads 810 and 822 
respectively, which are composed of the N-channel MOS 
transistors. That is, the both edges of the voltages 
of the active loads 810 and 822 are controlled to feed 

15 back according to the output voltage of the 

complementary source follower circuit 826. In the same 
manner, an output node 8 32 of the complementary source 
follower circuit 828 is connected to the active loads 
812 and 824 respectively, which are composed of the N- 

20 channel MOS transistors. That is, the both terminal 

voltages of the active loads 812 and 824 are controlled 
to feed back according to the output voltage of the 
complementary source follower circuit 828. This can 
prevent the operation points of the active loads 810, 

25 812, 822, and 824 from shifting from the linear region 
into the saturation region. The operation is thus 
configured to always operate in the linear region, 
which prevents a non-linear operation of the 
differential output so as to stabilize the differential 

30 outputs. 

However, with the configuration as disclosed in 
the conventional technique 1, it is impossible to 
stabilize the common-mode potentials of the output 
voltages from the two complementary source follower 

35 circuits provided in the output circuit, if the input 
common-mode voltage makes the two complementary source 
follower circuits operate in different modes. In 
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addition, if the output voltage is configured to feed 
back as disclosed in the conventional technique 1, 
there may arise an oscillation by switching the output 
voltage at a high speed. 

5 

SUMMARY OF THE INVENTION 

The present invention has been made under the 
above-mentioned circumstances and has an object of 
providing the differential circuit and the receiving 

10 circuit having the same. The differential circuit is 
capable of outputting a differential output having a 
constant common-mode potential without a feed back 
structure, and includes a buffer circuit suitable for 
driving the load inside the chip. 

15 In order to achieve the above-mentioned 

objectives, according to one aspect of the present 
invention, preferably, there is provided a differential 
circuit including a differential amplifier circuit 
having a differential element provided in a signal 

20 input circuit, a constant current source connected to 
the differential element, and loads respectively 
connected to the differential element; and a source 
follower circuit that outputs a differential voltage 
based on voltage drops developing across the loads, 

25 characterized by further comprising a current supply 
circuit that supplies a given current to the loads 
connected in series with the differential element when 
the differential element is off. It is thus possible 
to output the differential output having a common-mode 

30 potential without a feed back structure and realize the 
source follower circuit serving as a buffer circuit 
suitable for driving the internal load inside the chip. 

According to another aspect of the present 
invention, preferably, there is provided a differential 

35 circuit including a first differential amplifier 

circuit having a first differential element provided in. 
a signal input circuit, a first constant current source 
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connected to the first differential element, and a 
first and a second loads respectively connected to the 
first differential element; a second differential 
amplifier circuit having a second differential element 
5 provided in the signal input circuit, a second constant 
current source connected to the second differential 
element, and a third and a fourth loads respectively 
connected to the second differential element; a first 
source follower circuit that outputs a first 

10 differential voltage based on voltage drops developing 
across the first and second loads; and a second source 
follower circuit that outputs a second differential 
voltage based on the voltage drops developing across 
the third and fourth loads, characterized by further 

15 comprising a first current supply circuit that supplies 
a given current to the first and second loads when the 
first differential element is off; and a second current 
supply circuit that supplies the given current to the 
third and fourth loads when the second differential 

20 element is off. It is thus possible to output the 
differential out put having a common-mode potential 
without a feed back structure and realize the first and 
second source follower circuits serving as buffer 
circuits suitable for driving the internal load inside 

2 5 the chip. 

According to another aspect of the present 
invention, preferably, there is provided a receiving 
device having a differential circuit including a 
differential amplifier circuit having a differential 

30 element provided in a signal input circuit, a constant 
current source connected to the differential element, 
and loads respectively connected to the differential 
element; and a source follower circuit that outputs a 
differential voltage based on voltage drops developing 

35 across the loads, characterized by further comprising a 
current supply circuit that supplies a given current to 
the loads connected in series with the differential 
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element when the differential element is off. It is 
thus possible to output the differential out put having 
a common-mode potential without a feed back structure 
and realize the source follower circuit serving as a 
5 buffer circuit suitable for driving the internal load 
inside the chip. 

According to another aspect of the present 
invention, preferably, there is provided a receiving 
device having a differential circuit including a first 

10 differential amplifier circuit having a first 

differential element provided in a signal input 
circuit, a first constant current source connected to 
the first differential element, and a first and a 
second loads respectively connected to the first 

15 differential element; a second differential amplifier 
circuit having a second differential element provided 
in the signal input circuit, a second constant current 
source connected to the second differential element, 
and a third and a fourth loads respectively connected 

20 to the second differential element; a first source 
follower circuit that outputs a first differential 
voltage based on voltage drops developing across the 
first and second loads; and a second source follower 
circuit that outputs a second differential voltage 

25 based on the voltage drops developing across the third 
and fourth loads, characterized by further comprising a 
first current supply circuit that supplies a given 
current to the first and second loads when the first 
differential element is off; and a second current 

30 supply circuit that supplies the given current to the 
third and fourth loads when the second differential 
element is off. It is thus possible to output the 
differential out put having a common-mode potential 
without a feed back structure and realize the first and 

35 second source follower circuits serving as buffer 

circuits suitable for driving the internal load inside 
the chip. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention 
will be described in detail with reference to the 
5 following drawings, wherein: 

Fig. 1 is a block diagram showing a configuration 
of a differential circuit 800 of a conventional 
technique 1; 

Fig. 2 is a circuit diagram showing the 
10 configuration of a differential circuit 100 used in the 
description of the present invention; 

Fig. 3 is a view showing an operation of the 
differential circuit 100 shown in Fig. 2; 

Fig. 4 is a circuit diagram showing the 
15 configuration of a differential circuit 200 used in the 
description of the present invention; 

Fig. 5 is a view showing the operation of the 
differential circuit 200 shown in Fig. 4; 

Fig. 6 is a graph showing simulation results of 
20 the differential circuit 200 shown in Fig. 4; 

Fig. 7 is a circuit diagram showing the 
configuration of a differential circuit 300; 

Fig. 8 is a block diagram showing the 
configuration of a differential circuit 400 to be 
25 designed with a topology of the differential circuit 
300 shown in Fig. 7; 

' Fig. 9 is a view showing a circuit structure of 
the differential circuit 400 shown in Fig. 8; 

Fig. 10 is a graph showing simulation results of 
.30 the differential circuit 400 shown in Fig. 8; 

Fig. 11 is a graph showing simulation results of 
a case where the bias potentials VBp and VBn are set to 
1/2 of Vcc; and 

Fig. 12 is a block diagram showing a receiving 
35 device 1000 having the differential circuit 400 of the 
present invention . 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(Principle) 

A description will now be given of the principle 
of the present invention, before the description of 
5 preferred embodiments of the present invention. 

The present invention relates to a differential 
circuit and a receiving device having the same. The 
differential circuit is capable of outputting a 
differential output having a constant common-mode 
10 potential without a feed back structure, and includes a 
buffer circuit suitable for driving the load inside the 
chip. 

In order to achieve the above-mentioned object, 
in the differential circuit used for processing high- 

15 speed serial digital transmission signals, a topology 

having a combination of the source follower circuits in 
the structure of the output circuit is added to another 
topology in which the both limits of the common-mode 
operation range are compensated by connecting the 

20 differential amplifier circuit composed of the N- 
channel element in parallel with the differential 
amplifier circuit composed of the P-channel element. 
Thus configured circuit according to the above- 
mentioned topologies is capable of retaining a 

25 substantial rail-to-rail common-mode range and a high- 
speed buffering. 

However, if the above-mentioned two topologies 
are simply combined in the circuit design, there arises 
a problem in that the common-mode potential of the 

30 differential output, which is available at the 

differential amplifier circuit, varies depending on the 
common-mode voltage in the input circuit. In order to 
solve the aforementioned problem, the differential 
circuit for operating the high-speed serial digital 

35 transmission signals in accordance with the present 
invention is configured so that a certain bias 
potential may be applied to the node of the source 
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follower circuit of the output circuit. This is 
realized by, for example, providing a complementary 
bypass circuit between a current source and an input 
node of the complementary source follower circuit- The 
5 current source is connected to the respective common 
nodes of the differential amplifier circuits 
respectively composed of the N-channel element and the 
P-channel element. This bypass circuit serves as a 
current supply circuit that supplies a given amount of 

10 current to the load, when the differential amplifier 
circuit is not operating. It is thus possible to 
stabilize the operation point of the complimentary 
source follower circuit in the output circuit, 
regardless of the common-mode voltage in the input 

15 circuit. As a result, it is possible to compose a 

buffer circuit in which a differential output having a 
constant common-mode voltage is available. 

A description will be given in detail, with 
reference to the drawing. Fig. 2 is a circuit diagram 

20 of a differential circuit 100, in which the topology 
having a structure of a combination of the source 
follower circuits in the output circuit is added to 
another topology in which the both limits of the 
common-mode operation range are compensated by 

25 connecting the differential amplifier circuit composed 
of the N-channel element in parallel with the 
differential amplifier circuit composed of the P- 
channel element . 

As shown in Fig. 2, the differential circuit 100 

30 is configured to include an N-channel differential 

amplifier circuit 1 (the differential amplifier circuit 
composed of the N-channel element) and a P-channel 
differential amplifier circuit 2 (the differential 
amplifier circuit composed of the P-channel element) , 

35 and two source follower circuits 5 and 6. 

In this configuration, the N-channel differential 
amplifier circuit 1 includes an N-channel differential 
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element 11, resistance loads 103 and 113, and a 
constant current source 140. The N-channel 
differential element 11 includes two N-channel MOS 
transistors (field-effect transistors are preferable. 
5 Hereinafter, simply referred to as transistors) 101 and 
111. The resistance loads 103 and 113 are respectively 
connected to drain nodes of the N-channel MOS 
transistors 101 and 111. The constant power source 140 
is commonly connected to source nodes of the two N- 

10 channel MOS transistors 101 and 111. In the same 

manner, the P-channel differential amplifier circuit 2 
includes a P-channel differential element 12, 
resistance loads 104 and 114, and a constant current 
source 141. The P-channel differential element 12 

15 includes two P-channel MOS transistors 102 and 112. 
The resistance loads 104 and 114 are respectively 
connected to drain nodes of the P-channel MOS 
transistors 102 and 112. The constant power source 141 
is commonly connected to source nodes of the two P- 

20 channel MOS transistors 102 and 112. 

The source follower circuit 5 serves as an output 
circuit that outputs a lower voltage of the 
differential signal, and includes an N-channel MOS 
transistor 105, a constant current source 151, a P- 

25 channel MOS transistor 106, and a constant current 
source 161. A gate node of the N-channel MOS 
transistor 105 is connected to the drain node of the N- 
channel MOS transistor 101. The constant current 
source 151 is a load of the N-channel MOS transistor 

30 105. A gate node of the P-channel MOS transistor 106 
is connected to the drain node of the P-channel MOS 
transistor 102. The constant current source 161 is a 
load of the P-channel MOS transistor 106. Thus, the N- 
channel MOS transistor 105 in the source follower 

35 circuit 5 outputs the differential voltage based on 

voltage drops developing across the resistance load 103 
connected as a load of the N-channel MOS transistor 
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101. The P-channel MOS transistor 106 in the source 
follower circuit 5 outputs the differential voltage 
based on the voltage drops developing across the 
resistance load 104 connected as a load of the P- 
5 channel MOS transistor 102. 

In the same manner, the source follower circuit 6 
serves as an output circuit that outputs an upper 
voltage of the differential signal, and includes an N- 
channel MOS transistor 115, a constant current source 

10 152, a P-channel MOS transistor 116, and a constant 

current source 162. A gate node of the N-channel MOS 
transistor 115 is connected to the drain node of the N- 
channel MOS transistor 111. The constant current 
source 152 is a load of the N-channel MOS transistor 

15 115. A gate node of the P-channel MOS transistor 116 
is connected to the drain node of the P-channel MOS 
transistor 112. The constant current source 162 is a 
load of the P-channel MOS transistor 116. Thus, the N- 
channel MOS transistor 115 in the source follower 

20 circuit 6 outputs the differential voltage based on the 
voltage drops developing across the resistance load 113 
connected as a load of the N-channel MOS transistor 
111. The P-channel MOS transistor 116 in the source 
follower circuit 6 outputs the differential voltage 

25 based on the voltage drops developing across the 
resistance load 114 connected as a load of the P- 
channel MOS transistor 112. 

With respect to the above-mentioned 
configuration, a description will be given of the 

30 limits of the common-mode operation ranges of the N- 
channel differential amplifier circuit 1 and the P- 
channel differential amplifier circuit 2 in detail, 
with reference to Fig. 3. 

Referring to Fig. 3, a reference numeral 201 

35 denotes a voltage (Vdsat) that determines a lower limit 
of the operation of the constant current source 140 for 
the N-channel differential amplifier circuit 1. A 
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reference numeral 202 denotes a threshold voltage (Vgs) 
for operating the N-channel differential element 11 
composed of the two N-channel MOS transistors 101 and 
111. Therefore, the common-mode operation range of the 
5 N-channel differential amplifier circuit 1 is denoted 
by a resulting voltage Vcm (the reference numeral 203) , 
which is the result where the voltage Vdsat (the 
reference numeral 201) and the threshold voltage Vgs 
(the reference numeral 202) are subtracted from the 

10 power supply voltage Vcc. In the same manner, a 

reference numeral 211 denotes a voltage (Vdsat) that 
determines a lower limit of the operation of the 
constant current source 141 for the P-channel 
differential amplifier circuit 2. A reference numeral 

15 212 denotes a threshold voltage (Vgs) for operating the 
P-channel differential element 12 composed of the two 
P-channel MOS transistors 102 and 112. Therefore, the 
common-mode operation range of the P-channel 
differential amplifier circuit 2 is denoted by the 

20 resulting voltage Vcm (the reference numeral 213) , 
which is the result where the voltage Vdsat (the 
reference numeral 211) and the threshold voltage Vgs 
(the reference numeral 212) are subtracted from the 
power supply voltage Vcc. 

25 As is obvious from Figs. 2 and 3, it is possible 

to retain the rail-to-rail common-mode range by 
connecting the respective differential amplifier 
circuits (1, 2) in parallel. 

Next, as shown in Fig. 2, the topology having the 

30 differential amplifier circuit of the N-channel element 
connected in parallel with that of the P-channel 
element has been improved, and the output circuit in 
the differential circuit 200 is designed as the 
complimentary source follower circuit. A description 

35 will be given of the differential circuit 200 in 
detail, with reference to Fig. 4. 

As shown in Fig. 4, the differential circuit 200 
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includes the N-channel differential amplifier circuit 
1, the P-channel differential amplifier circuit 2, and 
the two complementary source follower circuits 15 and 
16. 

5 In this configuration, the N-channel differential 

amplifier circuit 1 and the P-channel differential 
amplifier circuit 2 have the same configurations as 
shown in Fig. 2. 

The complimentary source follower circuit 15 

10 serves as an output circuit that outputs a lower 

voltage of the differential signal, and includes the N- 
channel MOS transistor 105 and the P-channel MOS 
transistor 106. The gate node of the N-channel MOS 
transistor 105 is connected to the drain node of the N- 

15 channel MOS transistor 101. The gate node of the P- 
channel MOS transistor 106 is connected to the drain 
node of the P-channel MOS transistor 102. Thus, the N- 
channel MOS transistor 105 in the complimentary source 
follower circuit 15 outputs the differential voltage 

20 based on the voltage drops developing across the 
resistance load 103 connected as a load of the N- 
channel MOS transistor 101. The P-channel MOS 
transistor 106 in the source follower circuit 15 
outputs the differential voltage based on the voltage 

25 drops developing across the resistance load 104 

connected as a load of the P-channel MOS transistor 
102. 

In the same manner, the complimentary source 
follower circuit 16 serves as an output circuit that 

30 outputs an upper voltage of the differential signal, 
and includes the N-channel MOS transistor 115 and the 
P-channel MOS transistor 116. The gate node of the N- 
channel MOS transistor 115 is connected to the drain 
node of the N-channel MOS transistor 111. The gate 

35 node of the P-channel MOS transistor 116 is connected 
to the drain node of the P-channel MOS transistor 112. 
In the above-mentioned configuration, one of the MOS 
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transistors in the complementary source follower 
circuits (15, 16) serves as a load of the other MOS 
transistor. Thus, the N-channel MOS transistor 115 in 
the source follower circuit 16 outputs the differential 
5 voltage based on the voltage drops developing across 
the resistance load 113 connected as a load of the N- 
channel MOS transistor 111. The P-channel MOS 
transistor 116 in the source follower circuit 6 outputs 
the differential voltage based on the voltage drops 

10 developing across the resistance load 114 connected as 
a load of the P-channel MOS transistor 112. 

A description will be given of the operation of 
the differential circuit 200 having the above-mentioned 
configuration, with reference to Fig. 5. The N-channel 

15 MOS transistors 111 and 115, the P-channel MOS 

transistors 112 and 116, the load resistances 113 and 
114, and interconnections that connect the transistors 
and the resistances in Fig. 4 are omitted. In other 
words, a component (the complementary source follower 

20 16) that outputs the upper voltage in the differential 
signal is omitted. 

Fig. 5A is a view describing an operating 
condition in which the both the differential amplifier 
of the N-channel element and that of the P-channel 

25 element are operating by the common-mode voltage in the 
input circuit. That is, in the diagram shown in Fig. 
5A, the N-channel MOS transistor 101 in the N-channel 
differential element 11 and the P-channel MOS 
transistor 102 in the P-channel differential element 12 

30 are electrically conducted (on) . Therefore, as shown 
in Fig. 5A, the voltage output from the N-channel MOS 
transistor 101 and that output from the P-channel MOS 
transistor 102 are complimentarily modulated and are 
applied to nodes 120 and 121 respectively connected to 

35 the gate node of the N-channel MOS transistor 105 and 
the gate node of the P-channel MOS transistor 106 in 
the complimentary source follower circuit 15. Thus, a 
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differential voltage OUTp, which is an output, can be 
kept constant. 

On the other hand, referring to Fig. 5B, the 
common -mode voltage in the input circuit is increased, 
5 and the increased voltage exceeds the operation range 
of the differential amplifier circuit of the P-channel 
element, namely, the P-channel differential amplifier 
circuit 2. Fig. 5B is a view describing that only the 
N-channel differential amplifier circuit 1, which is 

10 the differential amplifier circuit of the N-channel 

element, is operating. That is, as shown in Fig. 5B, 
the N-channel MOS transistor 101 in the N-channel 
differential element 11 is electrically conductive 
(on) , and the P-channel MOS transistor 102 of the P- 

15 channel differential element 12 is not electrically 

conductive (off) . In this manner, the node 121 turns 
off the P-channel MOS transistor 102 completely, and a 
current does not flow through the resistance load 104 
of the P-channel differential element 12, whereas the 

20 nodes 120 and 121 are respectively connected to the 

gate nodes of the N-channel MOS transistor 105 and the 
P-channel MOS transistor 106 shown in Fig. 5B, both of 
which are included in the complementary source follower 
circuit 15. This results in that the gate node of the 

25 P-channel MOS transistor 106 in the complementary 
source follower circuit 15 is constantly biased to 
ground potential. Thus, the P-channel MOS transistor 
106 in Fig. 5B only operates as a load, and the 
differential circuit 200 operates like an equivalent 

30 circuit in which the P-channel MOS transistor 106 is 
connected as a load. 

In the same manner, if the common-mode voltage in 
the input circuit drops, the dropped voltage gets out 
of the operation range of the differential amplifier 

35 circuit of the N-channel element, and only the 

differential amplifier circuit in the P-channel element 
operates. That is to say, in the diagrams shown in 
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Figs. 5A and 5B, the P-channel MOS transistor 102 in 
the P-channel differential element 12 is electrically 
conductive (on) , and the N-channel MOS transistor 101 
in the N-channel differential element 11 is not 
5 electrically conducted (off) . The node 120 turns off 
the N-channel MOS transistor 101 completely, and a 
current does not flow through the resistance load 103 
in the N-channel differential element 11 , whereas the 
nodes 120 and 121 are respectively connected to the 

10 gate nodes of the N-channel MOS transistor 105 and the 
P-channel MOS transistor 106, both of which are 
included in the complementary source follower circuit 
15. This results in that the gate node of the N- 
channel MOS transistor 105 in the complementary source 

15 follower circuit 15 is constantly biased to ground 

potential. Thus, the N-channel MOS transistor 105 only 
operates as a load, and the P-channel MOS transistor 
106 operates as just a source follower circuit other 
than the complementary source follower circuit to which 

20 a load of the N-channel MOS transistor 105 is 
connected. 

Fig. 6 is a graph showing simulation results of 
the differential circuit 200. In this simulation, the 
common-mode level has been swept from 0 to 2.5 V. As 

25 is obvious from the graph in Fig. 6, it is found that 

the differential circuit 300 has fluctuating (changing) 
common-mode potentials of the output voltage in the 
complementary source follower circuit serving as the 
output circuit. This is because one of the two MOS 

30 transistors is biased to ground, the two MOS 

transistors being respectively included in the 
complementary source follower circuits 15 and 16 
provided as the output circuits, and the two MOS 
transistors operate in different operating modes, as 

35 described above. In addition, Fig. 6 shows that the 
amplitude (hereinafter referred to as gain) of the 
differential output is smaller, when the common-mode 
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level voltage is close to 0 or 2.5 V. 

In this manner, the complementary source follower 
circuits in the output circuit have different operating 
modes depending on the common modes in the input 
5 circuit. Therefore, it is difficult to stabilize the 
common-mode potential of the output voltage in the 
complementary source follower circuit serving as the 
output circuit. Further, there is a problem in that 
the gain becomes smaller when the common-mode level is 

10 closer to 0 V or 2.5 V. 

Then, the inventors have devised an equivalent 
circuit that is configured to prevent the complementary 
source follower circuits 15 and 16 of the output 
circuits from operating in common-modes different from 

15 that of the input circuit. Fig. 7 is a circuit diagram 
of the differential circuit 300 that is designed 
according to the aforementioned topology. The 
component (the complementary source follower circuit 
16) for outputting the upper voltage in the 

20 differential signal will be omitted in a description 
with the use of Fig. 7 for simplification, and a 
description will be given of only a case where the 
common-mode voltage in the input circuit rises. 

The above-mentioned fluctuations in the common- 

25 mode potentials in the output voltage are generated 
when the common-mode voltage in the input circuit 
rises. This is because a current does not flow through 
the resistance load 104, when the P-channel MOS 
transistor 102 completely turns off. Accordingly, the 

30 P-channel MOS transistor 106 included in the 

complementary source follower circuit 15 is biased to 
ground. 

In accordance with the present invention, a 
bypass circuit is added in order to introduce a 
35 constant current to the load resistance 104 in the 

differential circuit of the P-channel element, if the 
common-mode voltage in the input circuit exceeds the 
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operation range of the differential amplifier circuit 
of the P-channel element. This bypass circuit operates 
as a current supply circuit, and in particularly, 
operates as a bias input circuit so as to input a given 
5 bias potential to the nodes of the complementary source 
follower circuits 15 and 16. It is thus possible to 
realize the equivalent circuit having the same 
configuration as the circuit in which the constant- 
current biased P-channel MOS transistor is connected to 

10 the N-channel MOS transistor 105 in the complementary 
source follower circuit 15 of the output circuit as a 
load element. In the same manner, if the common-mode 
voltage in the input circuit exceeds the operation 
range of the differential amplifier circuit in the N- 

15 channel element, there is provided a circuit in which 
the bypass circuit serves as a load in order to 
introduce the constant current to the load resistance 
103 of the differential amplifier circuit in the N- 
channel element. This bypass circuit serves as the 

20 current supply circuit. Even in the aforementioned 
case, it is thus possible to realize the equivalent 
circuit having the same configuration as the circuit in 
which the constant-current biased N-channel MOS 
transistor 105 is connected to the P-channel MOS 

25 transistor 106 in the complementary source follower 
circuit 15 of the output circuit as a load element. 

The above-mentioned current supply circuit pass 
the current through the node connected to the load of 
the differential amplifier circuit (the load resistance 

30 104 and the P-channel MOS transistor 106) from the 
constant current source 141 connected to the common 
node of the differential amplifier circuit composed of 
the P-channel element. This can make it possible to 
compose the bypass circuit (the current supply circuit) 

35 by connecting the P-channel MOS transistor 502, which 
is biased by a bias potential VBp as shown in Fig. 7, 
to between the respective nodes. 
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(An embodiment) 

Next, a description will be given in detail of an 
illustrative embodiment of a differential circuit 400 
that is designed according to the equivalent circuit as 
5 shown in Fig. 7. More specifically, the differential 
circuit 400 is designed by adding a topology having a 
combination of the complementary source follower 
circuits as the output circuits and further adding 
another topology having the bypass circuits arranged 

10 between the common-modes of the differential amplifier 
circuits and the gate node inputs of the complementary 
source follower circuits, to yet another topology of 
compensating for the limits of the common-mode 
operation ranges by connecting the differential 

15 amplifier circuit of the N-channel element in parallel 
with the differential amplifier circuit of the P- 
channel element. This bypass circuit operates as the 
current supply circuits that supply a given current to 
the load, when the differential amplifier circuit is 

20 not operating. 

Fig. 8 is a block diagram of the differential 
circuit 400. As shown in Fig. 8, the differential 
circuit 400 includes the N-channel differential 
amplifier circuit 1, the P-channel differential 

25 amplifier circuit 2, the two complementary source 

follower circuits 15 and 16, a first bypass circuit 51, 
and a second bypass circuit 52. The first bypass 
circuit 51 bypasses the N-channel differential element 
11. The second bypass circuit 52 bypasses the P- 

30 channel differential element 12. The first bypass 
circuit 51 and the second bypass circuit 52 
respectively operate as the current supply circuits 
that supply given currents to the corresponding loads, 
when the corresponding differential amplifier circuits 

35 are off. 

Fig. 9 shows a circuit diagram of the 
differential circuit 400 in detail. As is obvious from 
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Fig. 9, the N-channel differential amplifier circuit 1 
includes the N-channel differential element 11, the 
resistance loads 103 and 113, and the constant current 
source 140. The N-channel differential element 11 is 
5 comprised of a pair of N-channel elements. The P- 

channel differential amplifier circuit 2 includes the 
P-channel differential element 12, the resistance loads 
104 and 114, and the constant current source 141. The 
P-channel differential element 12 is comprised of a 

10 pair of P-channel elements. Nodes 130 and 131, among 
the output nodes of the two differential amplifier 
circuits, are connected the complementary source 
follower circuit 15 composed of the N-channel MOS 
transistor 105 and the P-channel MOS transistor 106. 

15 Nodes 120 and 121, among the output nodes of the two 
differential amplifier circuits, are connected the 
complementary source follower circuit 16 composed of 
the N-channel MOS transistor 115 and the P-channel MOS 
transistor 116. 

20 The first bypass circuit 51 includes two N- 

channel MOS transistors 501 and 511 having gate nodes 
to which a bias potential VBn is applied. The first 
bypass circuit 51 bypasses the N-channel MOS 
transistors 101 and 111 respectively, and connects the 

25 constant current source 140 to the nodes 130 and 120. 
In the same manner, the second bypass circuit 52 
includes two P-channel MOS transistors 502 and 512 
having gate nodes to which a bias potential VBp is 
applied. The second bypass circuit 52 bypasses the P- 

30 channel MOS transistors 102 and 112 respectively, and 
connects the constant current source 141 to the nodes 
131 and 121. In this manner, it is possible to prevent 
the N-channel and P-channel MOS transistors 105, 115, 
106, and 116 from being biased to ground by 

35 respectively biasing the N-channel and P-channel MOS 
transistors 501, 511, 502, and 512 with constant 
voltages. As described above, the N-channel and the P- 
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channel MOS transistors 105, 115, 106, and 116 compose 
the complementary source follower circuits 15 and 16 
respectively, and the N-channel and the P-channel MOS 
transistors 501, 511, 502, and 512 compose the first 
5 and second bypass circuits 51 and 52 respectively. 

Other configurations are same as those in Fig. 4, and a 
description thereof is omitted here. 

Fig. 10 shows simulation results of thus 
configured differential circuit 400. Also in this 

10 simulation, the common-mode level has been swept from 0 
to 2.5 V in order to compare the simulation results 
shown in Fig. 6, and VBp is set at 1.5 V and VBn is set 
at 1.0 V. Fig. 10 exhibits that the changes 
(fluctuations) in the common-mode potential have been 

15 eliminated, and the differential circuit 400 has a 
constant output voltage in the complementary source 
follower circuit serving as the output circuit. 

The problem of the common-mode potential in the 
output is solved by designing with the above-mentioned 

20 topologies. However, another problem of fluctuating 
gain has not been solved yet. This is exhibited from 
the simulation results shown in Fig. 10. Then, the 
inventors of the present invention have founded that a 
tail current is bypassed by adjusting the bias 

25 potentials applied to the gate nodes of the first and 
second bypass circuits 51 and 52 so as to solve the 
problem of the gain. 

That is, the problem of the gain can be solved by 
determining the values of the bias potentials VBp and 

30 VBn so as to bypass the tail current, while both of the 
N-channel differential amplifier circuit 1 and the P- 
channel differential amplifier circuit 2 are operating. 

The values of the bias potentials VBp and VBn are 
independent of an input signal INp of the N-channel 

35 differential amplifier circuit 1 and an input signal 

INn of the P-channel differential amplifier circuit 2, 
and are arbitrary constant voltages. 
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For a simple validation, Fig. 11A shows 
simulation results of a case where the biases are 
respectively deeper by 0.5 V, by setting VBp and VBn to 
Vcc/2. Fig. 11B is an enlarged view of the simulation 
5 results shown in Fig. 10 for comparison. Referring to 
Figs. 10A and 10B, the gain has been stabilized by 
adjusting the bias potentials VBp and VBn, as 
described. 

The differential circuit of the conventional 

10 technique 1 shown in Fig. 1 has an object of preventing 
the non-linear operation of the differential output and 
realizing the stabilization of the circuit. This 
object is achieved by preventing the operation points 
of the active loads 810, 812, 822, and 824 composed of 

15 the P-channel/N-channel MOS transistors from shifting 
from the linear region into the saturate region, so as 
to operate in the linear region at any time. 
Therefore, the object of the present invention cannot 
be solved by the conventional technique 1. The 

20 differential circuit of the conventional technique 1 
has the object of preventing the non-linear operation 
in the differential output for stabilization. However, 
the object of the present invention is to stabilize the 
common-mode potentials of the output voltages from the 

25 complementary source follower circuits of the output 
circuits, because the common-mode potentials of the 
output voltages in the output circuits vary depending 
on the different operation mode of the complementary 
source follower circuits of the output circuits, which 

30 is dependent on the common-modes of the input circuits. 
In addition, the feature of the present invention is to 
arrange the first and the second bypass circuits (the 
current supply circuits) respectively arranged between 
a constant current source for the N-channel 

35 differential element and the output node of the 

differential amplifier circuit and between another 
constant current source for the P-channel differential 
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element and the output node of the differential 
amplifier circuit. This feature is not disclosed in 
the conventional technique 1. Thus, those skilled in 
the art cannot easily achieve the object of the present 
5 invention by applying the conventional technique 1. 

The differential circuit 400 to be designed 
according to thus configured equivalent circuit is 
incorporated into a receiving device 1000, in 
particular, a LVDS (Low Voltage Differential Signaling) 

10 receiver 1000 as the differential circuit. In this 

configuration, the differential circuit 400 is provided 
in the input circuits for the LVDS signals in LVSD 
input interfaces 1001 and 1002. Here, in this case, a 
terminating resistance of the LVDS signal is set at 100 

15 Q. Also, in the above-mentioned configuration, the 
differential circuit 400 is formed on a highly 
integrated single chip. The receiving device is thus 
realized by including the differential circuit having 
the buffer circuit, which outputs the differential 

20 output having a constant common-mode potential without 
a feed back structure and is suitable for driving the 
load inside the chip. 
(Another embodiment) 

Although a few preferred embodiments of the 

25 present invention have been shown and described, it 

would be appreciated by those skilled in the art that 
changes may be made in these embodiments without 
departing from the principles and spirit of the 
invention, the scope of which is defined in the claims 

30 and their equivalents. 

As described, the differential circuit and the 
receiving device having the same are thus realized by 
including the buffer circuit that outputs the 
differential output having a constant common-mode 

35 potential without a structure of feed back and is 
suitable for driving the load inside the chip. 

In other words, it is thus possible to eliminate 
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the modulation of the output common-mode potential 
generated by the input common-mode voltage, which is a 
problem when the rail-to-rail differential amplifier 
circuit is used for receiving the serial digital 
5 transmission signal particularly in the differential 
circuit of the serial digital transmission signal. It 
is possible to realize the rail-to-rail differential 
circuit including a combination of the buffer circuits, 
each of which outputs the differential output having a 
10 constant common-mode potential, and is suitable for 
driving the load inside the chip. 
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